1 



Our ref.: P10111 

. October 23, 2002 

Patent Application 
Heraeus Kulzer GmbH & Co. 
Dental Molding, in Particular an Artificial Tooth Description 



This invention relates to a dental molding, in particular an artificial tooth, a method of producing 
this molding and a use thereof. 

Natural teeth have a relatively high degree of fluorescence. This luminosity is strongly visible in 
so-called black light in particular. When artificial teeth are placed beside a natural tooth, the 
former are seen to have a much lower luminosity under certain lighting conditions and therefore 
appear unnatural. 

The customary practice has been to add fluorescent agents to the particular material mixtures of 
the external incisal layer to then shape the tooth. The fluorescent agents improve the natural 
appearance of the tooth. 

U.S. Patent 4,170,823 discloses an artificial ceramic tooth, which contains a combination of 
terbium and cerium salts to produce the desired fluorescence. German Patent 
DE 197 54 442 A1 discloses a dental molding, in particular an artificial tooth, having an external 
incisal layer and a layer of dentin beneath that. Both layers may contain fluorescent substances. 
German Patent DE 39 06 673 A1 describes a ceramic dental molding in which an intermediate 
layer consisting of light-reflecting particles is applied to the basic composition. However, this 
layer is not fluorescent and is not situated between the dentin composition and the incisal 
composition. 

Despite a variety of efforts, in many cases the resulting appearance does not meet today's high 
aesthetic demands. 
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Therefore, the problem on which the present invention is based is to provide a dental molding, in 
particular an artificial tooth, which will impart a much more natural appearance with regard to its 
fluorescence. 

This problem is solved by a dental molding, in particular an artificial tooth, having an outer incisal 
layer and a dentin layer beneath it, wherein a layer of fluorescent material is provided between 
the dentin layer and the incisal layer. The inventive dental molding is produced by arranging at 
least one layer of fluorescent material between the dentin layer and the incisal layer. The 
inventive dental molding is useful in a process of providing a user with a more aesthetic 
appearance which involves fixing the inventive dental molding into the mouth (jaw bone) of said 
user. 

With the inventive dental molding, in particular an artificial tooth, having an external incisal layer 
and a layer of dentin beneath that, a layer of fluorescent material is provided between the layer 
of dentin and the incisal layer. It is completely surprising that this structure makes a significant 
contribution toward imparting an extremely natural appearance of such teeth, in particular 
artificial teeth. 

In addition, this even has a positive effect on the color of the inventive artificial teeth. 

Furthermore, it is also possible to design the layer of fluorescent material so that it does not 
have a uniform thickness in order to achieve a certain irregularity and thus improve the natural 
appearance due to the fact that the fluorescence is not completely uniform (a natural tooth also 
does not have a uniform fluorescence). 

Finally, the fluorescent agents present in the layer of fluorescent material are mechanically and 
chemically protected by the incisal layer (enamel layer) arranged above it to ensure a much 
longer-lasting effect on the one hand and better tolerability for the patient on the other hand. 

In practice, the following embodiments have proven advantageous in particular with regard to 
the fluorescent effect and processability. 

In the case of the dental molding, the layer of fluorescent material is composed of 5.00 - 95 
percent by weight monomer, 0.5 - 90 percent by weight crosslinking agent, 0.1-1 percent by 
weight initiator and 0.01 - 30 percent by weight additive; in particular, the layer of fluorescent 
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material contains up to 40 percent by weight bead polymer and/or up to 2 percent by weight 
pigment. 

The monomer is at least one of those from the following group: ethylenically unsaturated 
monomers, monofunctional or polyfunctional acrylates and methacrylates, alkyl methacrylates, 
methyl methacrylate, ethyl methacrylate, isobutyl and n-butyl methacrylate, n-hexyl methacrylate, 
ethylhexyl methacrylate, hydroxyethyl methacrylate. 

The crosslinking agent is at least one of those from the following group: polyfunctional 
methacrylates and polyfunctional acrylates, tetraethylene glycol dimethacrylate, triethylene glycol 
dimethacrylate, diethylene glycol dimethacrylate, ethylene glycol dimethacrylate, polyethylene 
glycol dimethacrylate, butanediol dimethacrylate, hexanediol dimethacrylate, decanediol 
dimethacrylate and dodecanediol dimethacrylate, bis-GMA, bis-GA, trimethylolpropane 
trimethacrylate, products of the reaction of isocyanates, diisocyanates or triisocyanates with 
hydroxymethacrylates or hydroxyacrylates or pentaerythritol tetraacrylates. 

The bead polymer may be at least one of those from the following group: consisting of 
polymethyl methacrylate or copolymers with a particle size of 5 to 70 pm and a number average 
molecular weight between 400,000 and 900,000 (g/mol), wherein the copolymer is allyl 
methacrylate, ethyl methacrylate, ethylhexyl methacrylate, methyl acrylate, methacrylic acid, 
isobutyl and n-butyl methacrylate, hexyl methacrylate, butanediol dimethacrylate, ethylene glycol 
dimethacrylate. 

The initiator may be at least one of those from.the following group: peroxides, dibenzoyl 
peroxide, tertiary amines or dimethyl p-toluidine, where the amines may function as co-initiators 
in an amount of up to 0.5 percent by weight. 

The pigment may be at least one of those from the following group: titanium dioxide, chromium 
oxides, antimony oxides, iron oxides, carbon, barium sulfate, azo calcium salts, nickel oxides, 
azo compounds, ultramarine and mixed oxides of these metals. 

The additive may be at least one of those from the following group: fluorescent pigments and/or 
dyes: benzoid and quinoid aromatics and heteroaromatics, triaryl methanes, anthraquinones, 
chromenes, xanthenes, indoles, quinolines, acridines, phenoxazines, phenothiazines, azo dyes 
and stilbene dyes, indigo derivatives, phthalocyanines, tetrapyrrole dyes; optical brighteners: 
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thiophenediyl benzoxazoles, stilbene benzoxazoles, 7-amino-4-methyl coumarin, 
dibenzopyridine, azaanthracene, phenylenediamine, naphthylamine, coumarin, 7-hydroxy- 
coumarin; fillers: pyrogenic silicon dioxide, highly dispersed titanium dioxide with a particle size 
of less than 100 nrn. 

Finally, it is advantageous if the particle size of the fillers is approximately 10 nm, because an 
especially intense opalescence is achieved, yielding especially high-quality results aesthetically 
in individual cases. 

In the inventive method for producing a dental molding, in particular an artificial tooth, in 
particular an inventive artificial tooth, a layer of fluorescent material is applied between the layer 
of dentin and the incisal layer, e.g., by spraying or painting a monomer liquid containing 
fluorescent particles on the inside of the incisal layer before applying the dentin layer, and finally 
the inner neck layer (the artificial tooth is constructed layer by layer from the outside to the inside 
more or less in a corresponding negative mold). 

BRIEF DESCRIPTION OF THE DRAWING 

This invention is explained in greater detail below on the basis of a drawing and one exemplary 
embodiment. 

The drawing shows: 

Figure 1 - a sketch of a cross-sectional diagram of a tooth. 

A tooth having the inventive layer structure is shown in cross section in the diagram in Figure 1. 
A dentin layer 2 is provided on an inner neck layer 4 and is in turn surrounded essentially 
completely by an outer incisal layer (enamel layer) 1. A fluorescent intermediate layer 3 is 
provided between the incisal layer (enamel layer) 1 and the dentin layer 2. 

An artificial tooth is produced with a corresponding sequence of layers in multiple-part metal 
molds. The layer-by-layer construction begins with the incisal layer (enamel layer), with each 
layer being applied to the previous layer and polymerized separately. 
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Incisal layer (enamel layer): 

A conventional dental material consisting of crosslinked PMMA (polymethyl methacrylate) is 
used; this mixture contains a small amount of pigment to allow a good color effect. The main 
pigment used is titanium dioxide. 

Fluorescent/opalescent intermediate layer: 

Sample formula 1 : 



Monomer Methyl methacrylate 36.16% 

Crosslinking agent Ethylene glycol dimethacrylate 50% 

Initiator Benzoyl peroxide 0.4% 

Dimethyl p-toluidine 0.4% 

Bead polymer Copolymer containing ethylhexyl acrylate 1 3% 

(e.g., polymer B61 1 from the Ineos company) 

Additive Lumilux blue LZ fluorescent agent 0.04% 



This yields a fluorescent intermediate layer. 



Sample formula 2: 



Monomer Methyl methacrylate 36.13% 

Crosslinking agent Ethylene glycol dimethacrylate 50% 

Initiator Benzoyl peroxide 0.4% 

Dimethyl p-toluidine 0.4% 

Bead polymer Copolymer containing ethylhexyl acrylate 1 3% 



(e.g., polymer B611 from the Ineos company) 
Additive Nanoparticle titanium dioxide, particle size 10 nm 0.07% 



This yields an opalescent intermediate layer. 
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Production and use of the enamels: 

Monomer and crosslinking agent are placed first in the container and then the bead polymer is 
dissolved in them in a closed container while stirring. Then the additive is added and dispersed 
by stirring. In the case of additives having large particles, it is advisable to break them down 
separately in some crosslinking agent, e.g., by milling, before adding them. 

Then the initiator components are added immediately before use. They are advantageously 
applied to the prepolymerized incisal layer (enamel layer) by using a paintbrush. The layer 
solidifies by venting and/or incipient polymerization, so the dentin layer can be applied 
subsequently with no problem. 

Dentin layer and neck layer 

A conventional dental material consisting of crosslinked PMMA (polymethyl methacrylate) is 
used here, where the mixture definitely contains more pigments to achieve a good color effect. 
The dentin in particular serves as the color carrier medium within the tooth. 



